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potassium, wherein- a carbide, cyanide, cyan- 
amide, phosphide, suicide, or boridc of one of 
these metals is reacted with hydrogen under 
such conditions and for such a period that a 
substantial amount of the hydride of the metal 
is formed. The reaction proceeds in such 
manner that both the metal constituent and the 
non-metallic constituent of the compound 
reacted with hydrogen is hydrogenated, ie. 
that a metal hydride and also a hydrogen com- 
pound of the non-metallic constituent is 
obtained. 

The invention will first of all be described 
in detail by way of example by reference to 
the reaction of calcium carbide with hydrogen. 

Calcium carbide reacts with hydrogen at all 
the temperatures investigated* The primary 
product of tbe reaction appears to be C*H 5 as 
well as CaHs. Depending on the conditions of 
the experiment, the acetylene remains un- 
changed, decomposes into carbon blade and 
hydrogen, forms diacetylene or other polymers, 
or is hydrogenated to form ethylene, ethane or 
methane. 

The speed of reaction between calcium 
carbide in the usual commercial form and 
hydrogen at temperatures up to 1000 °C, (with- 
out pressure) or up to 600°C. (with a hydro- 
gen pressure of 500 arm.) is so low that it does 
not appear to be readily possible for the 
hydride to be produced on an industrial scale. 
However, various measures can be used for 
increasing the speed of reaction. 

An appreciable increase in the speed of 
reaction is produced by increasing the surface 
{Price / 



(100 fi — 10 mm). These requirements limit 
the other possibilities, thus whilst material 
having a particle size of 1 /* can be reacted 
according to all the Examples hereinafter set 65 
forth, material having a particle size of 10 
mm can be reacted, with the formation prac- 
tically only of methane under conditions of 
super-atmospheric pressure and elevated tem- 
perature, for example 60 atmospheres and 70 

9oo°a 

Furthermore, a large number of substances, 
for example S, I*, NH„ Tl^S, HI, Hgl*, 
CaL, Mgl-, Ka^S 3 CaS and Na, act as cata- 
lysts. These substances either themselves enable 75 
calcium carbide to react or they change wholly 
or partly (giving an equilibrium mixture) into 
compounds which enable calcium carbide to 
react. 

By means of these measures, the speed of 80 
reaction is increased to such an extent that it 
is not necessary to use high temperatures or 
pressures for economically converting the 
carbide into die hydride; this is not even 
necessary when a technical commercial pro- 85 
duct containing, for example, 80% of CaC 3 
is used instead of a pure calcium carbide. 

Higher temperatures and pressures not only 
raise the speed of reaction bnt also modify the 
nature of the reaction products : 90 

a) At low temperatures (about 0 — 3Q0°C), 
low pressures (about 0.05—5 arm.) and high 
flow velocities of the hydrogen the acetylene, 
considered as primary product of the reaction, 

is substantially unchanged. 95 

b) At temperatures which arc still relatively 
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Ve, Farbenpabktken Bayer Aktebn- 
GESEixsCttAFT, of Leverkusan - Bayerwerk, 
Germany, a body corporate organised under 
tile laws of Germany, do hereby declare the 
invention, for which we pray that a patent may 
be granted to us, and the method by which it 
is to be performed., to be particularly described 
in and by the following statement: — 

This invention relates to a process for the 
production of metal hydrides. 

It provides a process for the production of 
hydrides of the^ metals calcium, strontium, 
barium, magnesium, lithium, sodium and 
potassium, wherein a carbide, cyanide, cyan- 
amide, phosphide* silicide, v or boride of one of 
these metals is reacted with hydrogen under 
such conditions and for such a period that a 
substantial amount of the hydride of the metal 
ii formed. The reaction proceeds in such 
man ner that both the metal constituent and the 
non-metallic constituent of the compound 
reacted with hydrogen is hydrogenated, i.e. 
that a metal hydride and also a hydrogen com- 
pound of the non-metallic constituent is 
obtained. 

The invention will first of all be described 
in detail by way of example by reference to 
the reaction of calcium carbide with hydrogen. 

Calcium carbide reacts with hydrogen ar all 
the temperatures investigatecL The primary 
product of the reaction appears to be QH^ as 
well as CaHj. Depending on the conditions of 
the experiment, the acetylene remains un- 
changed, decomposes into carbon black and 
hydrogen, forms diacctylene or other polymers, 
or is hydrogenated to form ethylene, ethane or 
methane. 

The speed of reaction between calcium 
carbide in the usual commercial form and 
hydrogen at temperatures up to 1000* C. (with- 
out pressure) or up to 600 °C. (with a hydro- 
gen pressure of 500 atm.) is so low that it does 
not appear to be readily possible for the 
hydride to be produced on an industrial scale. 
However, various measures can be used for 
increasing the ^peed of reaction. 

An appreciable increase in the speed of 
reaction is pro duced by increasing the surface 
[Price - 



of the carbide used by a grinding or other 
comminuting treatment of the commercial 
form of the carbide. Moreover, the speed of 
reaction is increased to a remarkable extent by 
comminuting under a good vacuum or in a 
pure inert gas atmosphere. In practice, to 
ensure that the entire mass takes part in the 
reaction using such specially comminuted 
material, requires at least a temperature of 
500 °C, with material of very small particle 
size (1 fi), 600 — 700°C with material of 
medium particle size (5 — 50 m)> and 780— 
980 °C with material of large particle size 
(100 fi — 10 mm). These requirements limi t 
the other possibuities, thus whilst material 
having a particle size of 1 ft can be reacted 
according to all the Examples hereinafter set 
forth, material having a particle size of 10 
mm can be reacted, with trie formation prac- 
tically only of methane under conditions of 
super-atmospheric pressure and elevated tem- 
perature, for example 60 atmospheres and 
900 °C 

Furthermore, a large number of substances, 
for example N*, S, I 2 , NH S> ELS, HI, Hgl^, 
Cal* Mgl^ Na^S, CaS and Na, act as cata- 
lysts. These substances either themselves enable 
calcium carbide to react or they change wholly 
or partly (giving an equilibrium mixture) into 
compounds which enable calcium carbide to 
react- 
By means of these measures, the speed" of 
reaction is increased to such an extent that it 
is not necessary to use rngfr temperatures or 
pressures for economically converting the 
carbide into the hydride; this is not even 
necessary when a technical commercial pro- 
duct contaming, for example, 80% of CaC> 
is used instead of a pure calcium carbide, 

Higher temperatures and pressures not only 
raise the speed of reaction but also modify the 
nature of the reaction products ; 

a) At low temperatures (about 0 — 300°C), 
low pressures (about 0.05—5 atm.) and high 
now velocities of the hydrogen me acetylene, 
considered as primary product of the reaction, 
is substantially unchanged. 

b) At temperatures which are soil relatively 
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low (about 200 — 400 D C), low to moderate 
pressures (about 0.5 — 50 atm.) and moderate 
flow velocities of hydrogen, a large part of the 
gaseous reaction product formed is ethylene. 

5 c) At a temperature in the region of 400 — 
500° C and at a low pressure (up to' about 1 
atm-) a large part of the acetylene changes into 
diacetylene, another part into carbon black 
and hydrogen, a small part into ethane and 

10 methane and another very small part into 
ethylene. 

d) Reaction at 400 — 500 °C and a pressure 
of 500 atzn. produces no carbon black at all, 
but a very large amount of ethane, a consider- 

15 able amount of methane, traces of acetylene 
and no ethylene. 

e) At normal pressure, a temperature of 
500 — 600°C. and a low flow velocity> carbon 
black is mainly formed in addition to the 

20 calcium hydride, as well as a small amount of 
CH, and C 3 H,. 

f) At 600— 700°C, predoniinantly CH 4 is 
formed as well as carbon black and ethane at 
normal pressure and with a moderate flow 

25 velocity. 

g) At 700 — 800*0, normal pressure and 
with a moderate flow velocity, practically only 
methane is formed. 

The examples given under a to g are only 
30 intended to show that a wide variety of differ- 
ent reaction products can be obtained in addi- 
tion to calcium hydride, depending on the 
conditions chosen for the experiment. It does 
not mean that only one or other of the by- 

35 products can be produced at a specified tem- 
perature or a specified pressure. Variations in 
the fineness of grinding, the nature of the re- 
action vessel, the movement of the reaction 
mass and catalyst, and above all the gas velo- 

40 city, produce entirely different results, both as 
regards quality and quantity. 

h) Thus, in contrast to the example given 
under g), when a temperature of about 800° C. 
and a pressure of 500 atm. is used* almost the 

45 only product formed is acetylene in addition 
to a small amount of methane, if the flow 
velocity is chosen to be so high that the waste 
gas consists of more than 90% of hydrogen 
and the said waste gas cools after the reaction 

50 zone. 

Since the last fractions of calcium carbide 
(substantially those between a conversion of 
80% and more than 95% of the theoretical) 
react better at a high temperature than at a 

55 low temperature, it is advisable In certain cases 
to use a two-stage process, for example a 
reaction at 400°C. to form calcium hydride 
and acetylene with a yield of up to 80% of 
the theoretical, and a subsequent reaction at 

60 800 6 C. up to a conversion higher than 95% 
of the theoretical. 

Depending on the purpose to which the 
calcium hydride is subsequently to be put, the 
said calcium hydride can be used in the form 

65 of the crude reaction product of the hydrogena- 



rion, after a re-melting process, or, if ultra- 
pure products are required, after a distillation 
process (over calcium metal). 

By means of the process of the invention, 
calcium hydride can be produced at a fraction 70 
of its former cost. 

The carbides of strontium, barium, mag- 
nesium, lithium, sodium aod potassium also 
behave in the same manner as described above 
in respect of calcium carbide. 75 

Furthermore, the cyanides, cyanamides, 
phosphides, sUicidcs and borides behave in the 
same manner as the carbides; when reacted 
with hydrogen, they form in analogous manner 
the metal hydrides as well as the hydrogen 80 
compounds of the non-metallic constituents; 
for example boron hydride, silicon hydride and 
phosphorus hydride is obtained as a secondary 
product. 

The following Examples, wherein percent- 85 
ages of gas are by volume and of solids are 
by weight further illustrate the invention. 

Example 1. 
Hydrogen is introduced at 500° Q and over 
a period of 2 hours into an autoclave contain- 90 
ing 250 g. of an approximately 80% calcium 
carbide ground in an argon atmosphere, until, 
the pressure remains constant at 600 atra. 
gauge. The gas, having a composition of about 
60% CJ3„ about 40% CH., and about 0.1% 95 
of CJLn H 2 and.C 3 H 4 , is drawn off and the 
autoclave is again placed under hydrogen 
pressure until a pressure of 600 atm. is con- 
stantly maintained. The reaction product 
removed after cooling is a practically white 100 
powder generates with water a gas containing 
4 — 5-% of acetylene, the remainder being 
hydrogen, and contains about 70% by weight 
of CaH>. 

Example 2. 105 
200 g. of an approximately 80% calcium 
carbide ground under an argon atmosphere and. 
6 g. of MgL are introduced into a horizontal 
steel tube having an internal diameter of about 
50 mm., heated in an electric furnace to 750 — no 
800 °C, in a stream of argon, and hydrogen 
is passed through after the said temperature 
has been reached, a waste gas velocity of 20 
standard litres per hour being* "maintained. 
During the first five hours of the reaction, the 115 
methane content of the waste gas initially rises 
to 55% and finally drops to 45%. The waste 
gas also contains about 1% by volume of 
ethane and about 0.2% by volume, of 
acetylene. The methane concentration fans to 120 
about 10% towards the end of the sixth hour. 
The experiment is then stopped The reaction 
product is almost pure wmte in the upper 
parts of the reaction tube, over which there is 
a good flow of hydrogen, and analysis shows* 125 
that the conversion is more than 90% of the 
theoretical. In the central and lower parts of 
the reaction tube, the reaction product is grey 
to black in colour, due to precipitated carbon 
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black. The overall average conversion of : tie 
sample is. 65% • 

Example 3, 
The reaction vessel used is a pressure-tight 

5 apparatus comprising essentially two storage 
vessels which axe connected by a steel tube 
with a diameter of 60 mm. and a built-in 
conveyor worm, the said tube being up to a 
metre in length and being able to be heated 

10 to 7Q0°C. During the reaction, calcium carbide 
is fed from one storage container by means of 
the worm through the reaction tube and the 
calcium hydride formed is discharged fan™ the 
other storage container. The entire apparatus 

15 is under operating pressure, while the hydrogen 
is constantly introduced into the reaction tube 
in counter-current to the carbide and the waste 
gas formed is discharged at the other end. 
Details of three hydrogenations carried out 

20 in this way are set out under the following 
headings A, B and C 

EXPERIMENT A. 
10 kg. of 85% pulverous calcium carbide 
are reacted in 5 hours in the heating zone at 

25 680 °C. and with a total pressure of 100 atmo- 
spheres, the said carbide being conveyed by 
tie worm so as to be in the heating zone for 
about 20 minutes. 50% of the hydrogen is 
converted into methane and 15% into ethane. 

30 The solid reaction product has a calcium 
hydride content of 67% by weight* the loss in 
weight as compared with die starting material 
being 26%. The conversion of the calcium 
carbide present to calcium hydride is 90%. 

35 Experiment B. 

More of the same calcium carbide powder 
is hydrogenated at a temperature of 600°C. 
and a total atmospheric pressure of 150 ami., 
with a length of stay of 30 minutes. 86s% of 

40 the calcium carbide is converted into calcium 
hydride; 40% of the hydrogen used is changed 
into methane and 351% into ethane. 

Experiment C. 
Moulded elements with a diameter of about 

45 10 mm*, prepared at a pressure of 500 kg/cm 2 
with a pore volume of 20 — 30% from the 
above calcium carbide powder, are hydrogen- 
ated at 680°C and a total pressure of 150 
arm- with a length of stay of 15 minutes, 9*% 

50 of the calcium carbide present is changed into 
calcium hydride, while 60% of the hydrogen 
used is converted into methane and 20% into 
ethane. 

Example 4. 

55 380 g. of a 6%% strontium carbide with 
5% of C, 24% of SrO and Z% of other 
impurities are reacted in an autoclave in a 
finely ground condidon (5 — 10 m) at 650*C. 
with a stream of hydVogen at 100 to 120 atm. 

60 pressure. 

326 g. of a 63% strontium hydride with 
2% of total carbon as impurity are obtained, 
as well as a waste gas consisting of 50% of 
35% of CH< and 15% of C.H,., after a 

65 length of stay of 1 hour at 650°C. 



Example 5- • v: 
450 g. of a 61% barium carbide with 4-5:% 
of Q 33% of BaO and 1 $% of other impuri- 
ties are reacted at 650 *C. with a stream of 
hydrogen at 100 to 120 atm. pressure in an 70 
autoclave, the said carbide being in a finely, 
ground condition (5 — 10 /*). 

With a length of stay of one hour at 650 D C, 
a waste gas consisting of 50% of H„ 35.% 
of CH 4 and 15% of C-H fl is obtained, as well 75 
as 395 g. of crude barium hydride with 59=% 
by weight of BaHg and 0.5!% of total carbon, 
substantially all the remainder being BaO. 
Example 6. 

250 g. of a dry barium cyanide finely ground 80 
under a protective gas atmosphere are reacted 
at 700°C in an autoclave at a total pressure 
of 150 atm. with a stream, of hydrogen having 
an admission velocity of 200 standard litres 
per hour, the reaction being in accordance 85 
with the equation: 

Ba(CN) 2 -+8H r — > BaH 3 +2CH 4 +2NH a 

a part of the NH, changing into N fl and H^, 
according to its equilibrium. The waste gas, 
which tnirially consists of about 15;% of CH< 90 
and 5% of NH a , is practically free from CH^ 
NH 3 or Nr. after 6 hours. The experiment 
can then be stopped. About 190 g. of a 90% 
BaKL are obtained. 

Example 7. 95 
300 g. of a commercially available calcium 
cy an am ide are finely ground under benzine, 
dried, and 250 g. of the product are reacted 
at 700 a a with a total pressure of 150 arm, 
with hydrogen flowing at the rate of 200 litres 100 
per hour* After initially strong formation of 
CHu NHj and Nj, the formation of NH 3 and 
Ng ceases after 3 to 4 hours, white methane is 
formed for approximately another 3 hours' 
from the elementary carbon. The experiment 105 
is stopped after 7 hours and yields 150 g. of 
a 551% CaH a . 

Example 8. 
400 g. of a 951% Li,P are finely ground 
under benzine and dried in a protective gas 110 
atmosphere. 300 g. of the powder are treated 
at a temperature of 700° C. and a total pres- 
sure of 150 atm. with hydrogen flowing at 
the rate of 100 litres per hour, the treatment 
lasting 24 hours. The initiaUy strong PH, 115 
formation subsides considerably after 8 hours 
and can no longer be detected towards the end 
of the experiment. 120 g. of an 80— 85i% 
lithium hydride are obtained. 

Example 9. 120 
. 3 °0 g. of an approximately 90!% stron- 
ttom siliexde SrSi 3 which has been well com- 
minuted are reacted for 16 hours at a tern- 
pcrature of 750° C. and a total pressure of 
150 arm. gauge with hydrogen flowing at the 125 
rate of 150 litres per hour. After initially 
strong formatiou of SiB 4 , the SiH d content 
of the waste gas at the end of the experiment 
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is less than 0.1%. Approximately 200 g. of an 
appxoximately 60% SrH* are obtained with a 
residual Si content of approximately 5%. 
Example 10. 

5 150 g. of thoroughly fused magnesium 
boride with an Mg,B 2 content of about 80% 
arc ground under benzine, dried in a protec- 
tive gas atmosphere and thereafter reacted 
with 200 litres per hour of hydrogen for 5 

10 hours ac a temperature of 700° C and a total 
pressure of 180 atm. The evolution of boron 
hydride at die beginning of the reaction at 
high temperature is high, but drops after 2 
hours; it becomes apparent again during the 

15 transition to lower temperature and higher 
pressure. 120 g. of a 45 — 50% magnesium 
hydride are obtained. 
What we claim is: — 

1. A process for the production of hydrides 
20 of the metals calcium* strontium, barium, 

magnesium, lithium, sodium and potassium, 
wherein a carbide, cyanide, cyanamidc, phos- 
phide, sflicide or boride of one of these metals 
is reacted with hydrogen under such condi- 
25 tions and for such a period that a substantial 
amount of the hydride of the metal is formed. 

2. A process for the production of hydrides 
of the metals calcium, strontium, barium, mag- 
nesium, lithium, sodium and potassium, where- 



in a cyanamidc of one of these metals is re- 
acted with hydrogen under superatmospheric 
pressure. 

3. A process as claimed in claim 1 or 2, 
wherein the metal compound to be subjected 
to the reaction with hydrogen is ground in 
vacuo or in an inert gas atmosphere and then 
subjected to the action of tie hydrogen. 

4. A process as claimed in claim 1, 2 or 3 
wherein the reaction takes place in the pre- 
sence of a catalytic quantity of S, I*. NH a , 
H,S, HI, HgL, CaL, MgL, Na 3 S, CaS or 
Na_ 

5. A process as claimed in any of claims 1 to 
4 j wherein the reaction takes place at a tem- 
perature of 500 — 800° C. and a pressure of 
100—600 atm. 

6. A process for the production of metallic 
hydrides, substantially as described with refer- 
ence to any of the Examples. 

7« Metal hydrides whenever produced by the 
process claimed in any of the preceding claims. 

ELK1NGTON & FIFE, 
Consulting Chemists and Chartered Patent 
Agents, 

Bank Chambers, 329, High Holborn, 
London, W.C.1, 
Agents for the Applicants. 
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